Diagnostic techniques involving complex systems such as soils and plants are rarely infallable. Thus, a constant research effort is underway to improve decision making by adding information to presently used methods and/or developing new techniques.
Onken, A. B., R. Matheson, and E. J. Williams. 1980 . Evaluation of EDTA-extractable phosphorus as a soil test procedure. Soil Sci. Soc. E THYLENEDIAMINETETRAACETIC ACID (EDTA) Or OHC of its salts has been investigated for use in various soil test procedures. Viro (15, 16) reported on its use as an extracting agent for both cations and anions. When compared to ammonium acetate, EDTA proved to be more effective as an extracting agent for adsorbed cations and P. In assessing the usefulness of EDTA-extractable ions for estimating the fertility status of acid forest soils, Viro (16) found good correlations for Ca, Cu, and Zn but not for Mo or P. Alexander and Robertson (1) determined the relationship between EDTA-extractable P and P extracted by several other methods. Using nine surface soils, they found that both soil/solution ratio and extraction time affected the amount of P released from the soils. Phosphorus extracted with a 5mM EDTA solution at a soil/solution ratio of 1:20 for 1 hour was significantly correlated with A value, Ee value, Miller and Axley P, Olsen P, Al-P, and Fe-P, but not Ca-P. Using a 0.0IN Na2-EDTA solution with an extraction time of 1 hour and a soil/solution ratio of 1:25, Sahrawat (12) found, as did Alexander and Robertson (1) , that the amount of P released from soils was significantly correlated with Olsen-P, Al-P, and Fe-P. In contrast to Alexander and Robertson (1) he also found a significant correlation with Ca-P. Olsen (9) used EDTA as an extractant to evaluate rock phosphate and soils with respect to their value as sources of phosphate for plants. He found that EDTA-extractable P was related to plant growth and P absorbed by plants. A comparison of P extracted from soils by EDTA and nitrilotriacetic acid (NTA) by Nnadi et al. (8) also described the effects of extraction time, soil/solution ratio, and chelating solution concentration and pH. Phosphorus extracted from soil with EDTA increased with increasing time of extraction, decreasing soil/ solution ratio and 'decreasing pH in all studies. With respect to concentrations of EDTA in the extracting solution, Nnadi et al. (8) found both increases and decreases in released P with increasing concentrations, but Alexander and Robertson (1) found continuous increases with increasing EDTA concentrations. These differences might be soil related.
While most of the investigations discussed point to the potential usefulness of EDTA as a soil test procdure, none is clearly definitive. For the purpose of evaluating soil test procedures and establishing response levels, Gate and Nelson (2) have proposed an Analysis of Variance Method (ANOVM). They compared their technique to other models (e.g. Mitscherlich, linear, quadratic, etc.) and found it to be superior. Nelson and Anderson (7) refined and elaborated upon the ANOVM using P and K soil test data. When compared to the Mitscherlich model the ANOVM again proved to be superior.
The objectives of the research reported here were to (i) develop a satisfactory procedure for extraction of P using EDTA, (ii) evaluate this procedure using current mathematical models and the Cate-Nelson ANOVM, and (iii) use the models to compare the EDTA extraction procedure with currently used procedures to determine if decision making could be improved.
MATERIALS AND METHODS
Surface soil samples, 0 to 15 cm, and yield data were taken from irrigated grain sorghum plots utilized in fertilizer response trials. These trials, conducted over a period of 13 years, included all the major soil types on which irrigated grain sorghum (Sorghum bicolor L. Moench) is grown on the Texas High Plains. Selected chemical and physical characteristics of soil samples representative of the study locations are given in Table 1 . Organic matter was determined by wet oxidation (17, 18), total P by perchloric acid digestion (13), cation exchange capacity 783 by ammonium saturation (3), and soil-water pH was determined using a 1:2 soil/water ratio (vol/vol). Yield data were obtained from plots treated with the same rate of N (adequate for maximum yields) plus P at rates of 0, 20, or 40 kg/ha. Soil test and yield values were generally the average of three or four replications. Extraction of P with EDTA was compared to extraction with ammonium acetate (11) and sodium bicarbonate (10). These comparisons were chosen because (i) ammonium acetate is used as a P extractant in several soil testing laboratories (11), including those in Texas (ii) it has been used to evaluate phosphate rock (4) as has EDTA (9); (iii) sodium bicarbonate is used as a P extractant by several laboratories; and (iv) EDTA has previously been compared to both those extractants (1, 8, 12, 15) in terms of P extracted but not as to predictability of plant response.
For this investigation, P was extracted from soil samples with EDTA, ammonium acetate, and sodium bicarbonate as follows:
EDTA-The procedure used was a modification of the one proposed by Olsen (9). Five grams of soil were placed in a flask with 0.3 g of EDTA; the flask was then placed on a wristaction shaker. Seventy-five milliliters of deionized water were added and the shaker started. Time zero was taken to be when the shaker was started. Extraction times were investigated by removing the flasks from the shaker and filtering the extracts at the designated time intervals. One hour was established as the extraction time for the samples used in the correlation study. The soil samples used in the determination of extraction time were chosen because a response to applied P was obtained at one location (Test no. 13) and not the other (Test no. 17). Phosphorus was determined colorimetrically using ammonium molybdate in a sulfuric acid solution with stannous chloride as a reductant (5).
Ammonium Acetate-Five grams of soil were extracted for 15 min with 25 ml of 1.4AT NH 4 OAc brought to pH 4.2 with HC1. The extract was filtered and P determined colorimetrically using ammonium molybdate in an HC1 solution as the complexing reagent and stannous chloride as a reductant.
Sodium Bicarbonate-Five grams of soil were extracted for 30 min with 100 ml of 0.5M NaHCO 3 (pH of 8.5) in the presence of carbon black. The extract was filtered and P determined colorimetrically using ammonium molybdate in a HC1 solution as a complexing reagent and stannous chloride as a reductant.
Data were statistically analyzed according to standard procedures described by Snedecor and Cochran (14) . Additionally, the data were fit to the Bray-Mitscherlich model proposed by Nelson and Anderson (7) using Marquardt's least squares method (6) and the Cate-Nelson analysis of variance method for partitioning was developed according to the procedure of Nelson and Anderson (7). 
RESULTS AND DISCUSSION
Extraction time effects were investigated on soil samples from two tests of known response to applied P in order to establish an extraction time such that discrimination between samples could be expected with a reasonable degree of confidence. It was already known that similar amounts of P were extracted from samples from these locations by the NH 4 OAc-extraction procedure. Results of the EDTA-extraction time study are given in Table 2 . The difference in extractable P between the two tests increased with increasing extraction time up to 6 hours. The Student's Mest was used to determine significant differences between extractable-P means for the two tests. The means became significantly different at the 10% level at 40 min, the 5% level at 120 min, and the 1% level at 360 min. For the purpose of this investigation, 60 min was chosen as a reasonable compromise between extraction time for certainty of discrimination between samples and extraction time for a routine analysis procedure.
Yield data, extractable P, and class sums of squares for two-and three-class models for the tests are given in Table 3 for the EDTA-extraction procedure. Inspection of AFmax and extractable P data indicates a potential two-way classification of low and high with the partition occurring such that the low class contained the first 15 and the high class the last 8 observations. The data also would apparently lend itself to a three-way classification of low, medium, and high with the number of observations for partitioning being 4, 11, and 8, respectively. The t-test showed the subgroup means for both the two-and three-class models to be significantly different at the 1.0% level.
By using the maximization of class sums of squares, for the two-class model, the division between low and high occurred at the partition 22.2 to 29.5 ppm P for an average value of 25.8 ppm. The three-class model had division points between 7.7 and 12.0 ppm P (average 9.8) and 22.2 and 29.5 ppm P (average 25.8) for low to medium and medium to high, respectively. Thus, one could expect yield responses to P at extractable P levels of 9.8 ppm and below even at low yield levels, with responses occurring between extractable-P levels of 9.8 and 25.8 ppm for higher yield levels (>5,500 kg/ha). Yield increases would not be expected to occur to applied P at extractable-P levels above 25.8 ppm. The coefficient of determination, R 2 , was 0.50 for the two-class model and 0.71 for the three-class model. Therefore, the three-class model gives a better overall predictability and is to be preferred.
Data for the NH 4 OAc extraction procedure are given in Table 4 . The maximum class sum of squares for two classes occurred with a partition of 6 and 17 observations. The extractable P partition would be between 2.0 and 2.1 ppm. The R 2 value for this partition was 0.56. The numbers of observations in low, medium, and high classes based upon the sums of squares for three classes were 6, 5, and 12, respectively. The corresponding extractable-P values were 2.0 to 2.1 and 2.7 to 2.9. The R 2 value for the three-class partition was 0.63.
Data for the NaHCO 3 extraction are given in Table  5 . The maximum class sum of squares for two classes occurred at a partition of 14 and 9 observations with an extractable P partition between 5.2 and 5.3. The R 2 value for this partition was 0.37. The numbers of observations in low, medium, and high classes based Table 4 -Grain sorghum yield data ordered by NH 4 OAcextractable P with sums of squares for two-and threeclass models of the Gates-Nelson ANOVM. upon the sums of squares for three classes were 6, 10, and 7, respectively. The corresponding extractable P values were 3.7 to 4.0 and 5.4 to 6.2. The R 2 value for this three-class partition was 0.48.
There was a 16-fold variation in extractable P (0.9-14.7 ppm) with the NH 4 OAc extractant, a 15-fold variation (1.2-18 ppm) for the NaHCO 3 extractant, whereas there was only an 11-fold variation (5.8-63.0 ppm) with EDTA. However, discrimination between samples was better with the EDTA extractant.
Mitscherlich equations in the form suggested by Nelson and Anderson (7) were fitted to the data for the three extraction procedures and are shown for EDTA and NH 4 OAc in Fig. 1 and 2 . The Mitscherlich equation fit the EDTA extraction data better than the NH 4 OAc extraction data as indicated by the R 2 values of 0.66 and 0.48, respectively.
A summary of -R 2 values for the various models tested is given in Table 6 values of all the models tested for all three extractants. The combination of the EDTA extractant and the Gate-Nelson three-class model resulted in the highest R 2 value of 0.71 and, thus, the best overall predictability of plant response to applied P. 
